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Abstract
This paper analyses the direct economic, social and environmental impacts of wind electricity generation sector development in 
Latvia during 2005-2013. Cost-benefit analysis method is employed, Energy PLAN model is used and economical, social and 
environmental business structure research indicators are analyzed. The results of analysis revealed that wind electricity sector 
development contributes to the sustainable development of the country, but its impact on Latvia's economy is moderate. On the 
one hand, benefits from the promotion of the sector are received, when value added, investment, taxes, avoided greenhouse gas 
emissions and other indicators are considered. On the other hand, thus far these benefits are not well balanced with costs arising 
from the promotion of wind electricity generation. Subsidies for wind electricity generation and their share included in the final 
price for electricity increased during the last several years. Thus, economic efficiency of wind electricity sector development 
remains inconsiderable in Latvia and adjustable policy actions are required.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of Kaunas University of Technology, School of Economics and Business.
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Introduction
With a purpose to build up a stable economy, which would be capable to ensure the social needs of the society, 
secure economic growth rates that would not exceed the rates of the environmental pollution and the consumption of 
resources, a Strategy for Sustainable Development of Latvia (2002) was published. It defined the goals and 
measures for the sustainable development of the country and its different sectors. In the energy sector the Strategy 
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(2002) aims at (1) promoting the development of energy industry based on a well-balanced and sustainable 
economic development, (2) decreasing the air pollution caused by energy companies, and (3) increasing the use of 
energy from renewable (local) resources. The promotion of the use of renewable (local) energy resources and 
generation of energy from them is perceived as one of the relevant measures that is being implemented to realize the 
goals settled for the sustainably developing Latvian energy sector. Since efforts are made in this area, it is valuable 
(1) to know at what costs and benefits the goal of an increasing use of energy from renewable (local) resources is
being achieved and (2) to make insights into how increasing production volumes of renewable energy in Latvian 
energy sector contributes to the sustainable development of the country.
There are few worth mentioning papers analyzing the sustainability issues of the Latvian energy sector, when the 
aspect of a wider use of renewable (local) energy resources is considered. These are the works of L. H. Rasmussen 
(2003), D. Streimikiene et al. (2007), D. Streimikiene (2007), V. Klevas et al. (2007), $6SUǌGV(2010), I. Dzene et 
al. (2011), V. Bobinaite & I. Priedite (2015a; 2015b) and V. Bobinaite (2015). By highlighting what is done in the 
field of sustainability of the Latvian energy sector, it becomes evident that, presently, there is not done a research 
that analyzed how Latvian energy sector, which is based on an increasing production volume of energy from 
renewable resources, contributes to the sustainable development of the country. This paper will fulfill the gap and
will answer the following research question: Do increasing production volumes of energy from renewable resources
(namely, wind electricity) contribute to the sustainable development of the Latvian economy, when economic, social 
and environmental dimensions of sustainability are considered? The contribution of wind electricity to sustainable 
development is disclosed through the analysis of impacts of wind electricity generation sector development.
The paper aims at analyzing the quantified impacts of wind electricity sector development on the Latvian 
economy during 2005-2013 and in such a way substantiating its usefulness for a sustainable development.
Research methods are cost-benefit analysis, application of EnergyPLAN model, as well tendency and 
comparative analysis of economical, social and environmental business structure research indicators.
1. Method
Cost-benefit analysis is a method used for the assessment of impacts of wind electricity sector development. The 
steps of cost-benefit analysis that is implemented in this paper are (de Rus, 2010): (1) identification of benefits and 
costs of wind electricity generation sector development; (2) identification of externalities; (3) preparation of a set of 
indicators for disclosure of costs and benefits; (4) monetization of costs and benefits.
The benefits of wind electricity sector are well described in literature. The findings of the researches show that 
production of wind electricity should be perceived as a method to solve issues of (1) economic growth and income 
(European Wind Energy Association, 2012), (2) unemployment (Walker, 2014), (3) fossil fuel imports (Ortega et al., 
2013) or (4) high and volatile oil prices (Krozer, 2013). The costs of wind electricity sector development mainly 
arise due to (1) capital costs and operational & maintenance costs of wind power plant (Morthors, 2005; O'Mahoney 
et al., 2014), (2) and public support (Ortega et al., 2013). Avoided greenhouse gas emissions are externalities of 
wind electricity sector development and they are benefits (Ortega et al., 2013; Zhao et al., 2014). Thus, all these
costs and benefits should be quantified and analyzed. Table 1 presents additional economical, social and 
environmental indicators for analysis of costs and benefits.
Table 1. Economic, social and environmental business structure research indicators for the performance of cost-benefit 
analysis (own work).
Type of 
indicator
Economical Social Environmental
Absolute Turnover
Production value
Value added (at factor cost)
Gross investment in tangible goods
Enterprise income tax
Total subsidy for wind electricity production
Number of employees
Personnel cost
Avoided CO2 emissions
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Wind electricity component in the final price for electricity
Relative Share of turnover of wind electricity generation sector in 
turnover of energy sector
Share of value added (at factor cost) created in wind 
electricity sector compared to total value added (at factor 
cost) created in the national economy
Gross investment-value added (at factor cost) ratio
Production value per person employed
Production value per hour worked
Value added (at factor cost) per person employed
Value added (at factor cost) per hour worked
Share of persons employed in 
wind electricity generation 
sector
Wages and salaries per hour
Monetization of costs and benefits is done by the Latvian Central Statistical Bureau and State Revenue Service
based on the Latvian Structural Business Statistics Methodology (2015). The following below equations are 
provided. They show how absolute economical, social and environmental business structure research indicators are 
quantified.
Turnover is sales revenue. Value added tax and similar deductible taxes are excluded.
Production value is calculated by the equation (1):
GSFGW CCPSOITPV  (1)
here: PV – production value; T – turnover; OI – other operating income; SFGW – changes in stocks of finished goods 
and work in progress; CP – capitalized production; CGS – cost of goods and services purchased for resale in the same 
condition as received.
Value added (at factor cost) is calculated by the equation (2):
PPGSGS TDTPSOICPTVA   (2)
here: VA – value added (at factor cost); T – turnover;  CP – capitalized production; OI – other operating income; SGS
– changes in stocks of goods and services; TPGS – total purchases of goods and services; TDPP – taxes and duties on 
production and products.
Gross investment in tangible goods is calculated by the equation (3):
MECABBSL GIGIGIGIGI  (3)
here: GI – total gross investment; GIL – gross investment in land; GIBS – gross investment in existing buildings and 
structures; GICAB – gross investment in construction and alteration of buildings; GIME – gross investment in 
machinery and equipment.
Enterprise income tax is calculated by the equation (4):
)
100
i
1(PIT   (4)
here: IT – enterprise income tax; P – profits of the companies; i – income tax rate.
Total subsidy for wind electricity production is calculated by the equation (5):
 ¦
 
 
n
1i
iiWE QPRTS (5)
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here: TSWE – total subsidy for wind electricity production; i – wind electricity generator (number of generators varies 
in a range of 1-n); Ri – feed-in tariff (revenue) for electricity produced by the i-th generator; P – electricity market 
price; Qi – the electricity production volume by the i-th generator.
Wind electricity component in the final price for electricity is calculated by the equation (6):
FECV
WE
WE Q
TS
C  (6)
here: CWE – wind electricity component in the final price for electricity; QFECV – final electricity consumption 
volume.
Personnel costs (PS) are calculated by adjusting of volume of wages (W) and salaries (S) by the percentage 
defined by the Latvian national legislation for social security contribution of employers (r) by the equation (7):
)
100
r
1()SW(PS   (7)
Environmental benefits from avoided CO2 emissions are calculated by the equation (8):
EAEF;2avoided;2 PCOCOEB  (8)
here: EB – environmental benefits from avoided CO2 emissions; CO2;avoided – avoided CO2 emissions (they are 
calculated by the EnergyPLAN model (EnergyPLAN, 2014)); CO2;EF – emission factor for natural gas; PEA – price of 
emission allowances.
Relative indicators are calculated by dividing values of two corresponding absolute indicators.
2. Results
2.1. Economic impact assessment
The importance of wind electricity generation sector to Latvia's economy is undoubted. However, due to its 
modesty the sector makes only a minor impact on Latvia's economy, when turnover, production value, value added 
(at factor cost), gross investment, labor productivity, taxes and other economic indicators are assessed. 
Turnover of wind electricity generation sector made only 0.6% of total turnover of energy sector in 2013 (Fig. 1 
(a)). An increasing average feed-in tariff by 4% a year and as a result improving effectiveness of wind electricity 
support policy (Bobinaite & Priedite, 2015a) had an influence on increasing turnover and production value in wind 
electricity companies by 17% and 21% a year during 2011-2013, respectively. 
Since 2009 purchases of goods and services (intermediary consumption) started increasing at rapid rates (by 
32.5% a year) and outperformed the growth rates of production value in companies. This impacted on by 19.1% a 
year reducing value added (at factor cost). In 2013, value added (at factor cost) was twice lower than in 2009 (Fig. 1 
(b)). The historical data disclose that companies of other branches of the Latvian economy were capable to create 
more value added (at factor cost) (Fig. 1 (b)). The share of value added in wind electricity companies compared to 
total value added of the national economy reduced from 0.03% (2009) to 0.01% (2013). This discloses that 
economical significance of wind electricity generation sector reduces in Latvia.
Investments are an important factor of the growth of economy and its sectors. Investments in wind electricity 
generation sector are highly related to commitments (a political decision) taken to increase installed wind capacities. 
Presently, Latvia’s commitments to increase installed wind capacities are pursued. During the span under the 
analysis 41 MW were additionally installed. Totally 63.5 million EUR were invested: 75% of which – in machinery 
and equipment, 21% – in construction and alteration of buildings and 4% – in existing buildings and structures. 
Following increasing installed wind capacities, gross investment in tangible goods increases too. However, in 2013 
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volume of investments made only 9% of that in 2012. This could be related to the fact that only 8 MW were 
additionally installed in 2013 compared to additional 23 MW in 2012.
a b
Fig. 1. (a) Turnover, production value and the share of turnover of wind electricity generation sector in turnover in energy sector; (b) Value added 
(at factor cost) and share of value added (at factor cost) created in wind electricity sector compared to total value added created in the national 
economy.
Thus far an efficiency of investments in wind electricity companies is not high as it is seen from the gross 
investment-value added (at factor cost) ratio, which increased from 0.7 (2007) to 7.1 (2012) and reduced to 1.1 
(2013). When assessing the trend of the ratio, one have to take into account that wind electricity sector is young in 
Latvia, i.e. investment started being done only in 2000s, but capital will be used to create value added in future. For 
this reason gross investment–value added (at factor cost) during 2008-2013 ratio is a better measure for the 
estimation of investment efficiency. The ratio is found 2.2 in wind electricity generation companies and it is higher 
than in electricity, gas, steam and air conditioning sector (0.7) in Latvia. This suggests that during the span under the 
consideration the investment efficiency of wind electricity companies was lower than in other energy sectors.
Labor productivity develops dynamically, when indicators of production value per person employed and 
production value per hour worked are considered. However, during the last three years improvements in values of 
these indicators are evident. These are positive signs having in mind that there is a direct link between labor 
productivity and wages. Improvements in production value per person and hour worked suggest that there is a room 
for an increase in wages. However, labor productivity in terms of value added (at factor cost) per person employed 
decreased from 190.2 thousand EUR (2009) to 53.7 thousand EUR (2013) and value added per hour worked reduced 
from 112.5 EUR (2009) to 49.9 EUR (2013). This could negatively affect profits of companies and taxes paid.
During 2005-2012 wind electricity generating companies earned 21.6 million EUR of profit before taxes and paid 
2.0 million EUR of enterprise income taxes. In 2013, companies suffered losses. They were 14.2 million EUR. 
Wind electricity is supported through a feed-in tariff. In 2011, costs of wind electricity support scheme were 3.7 
million EUR, but in 2013 they increased by 75%. The total promotional costs were 16.3 million EUR during 2011-
2013. These costs were covered by the final electricity consumers by including them into the final price for 
electricity. Wind electricity support component included into the final price for electricity has almost doubled, i.e. 
increased from 0.054 EUR ct/kWh (2011) till 0.093 EUR ct/kWh (2013). In 2013, the component made 0.87% of the 
final price for electricity, when the price for electricity network was 52.9%.
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2.2. Social impact assessment
The contribution of wind electricity sector to solution of social problem - unemployment - is inconsiderable. 
Although the number of employees increased from 29 (2005) till 50 (2013), however, the share of persons employed 
in wind electricity companies compared to total people employed in energy sector remained low, i.e. 0.14% (2005) 
and 0.43% (2013). Besides, the comparative analysis of the number of employees and the number of employees in 
full-time equivalent units shows that since 2010 employers started hiring people for a part-time job.
Although wages and salaries paid for employee per hour increased from 1.14 EUR (2006) to 4.89 EUR (2013), 
but for many years these employees were paid at a lower rate compared to employees hired in other energy sectors 
and on average in the Latvian economy. Only in 2010 and 2013 labor payment approached to the average rate of the 
Latvian economy, but it remained by a quarter lower than that in other energy sectors during these years. Low wages 
and salaries could be as a result of low and reducing labor productivity.
2.3. Environmental impact assessment
Increasing generation volumes of wind electricity reduce air pollution in the country (Fig. 2).
a b
Fig. 2. (a) Annual reductions of CO2 emissions, Mt; (b) Environmental benefits from the reductions of CO2 emissions, thousand EUR.
Estimations of avoided CO2 emissions reveal that during 2005-2013 wind electricity generating companies 
allowed avoiding 0.1243 Mt of CO2 emissions (Fig. 2 (a)). Total environmental benefits from wind electricity 
generation were 1.3 million EUR during 2005-2013 (Fig 2 (b)).
Conclusions
An assessment presented in the paper demonstrates the potential application of cost-benefit analysis method as a 
tool assisting authorities in a decision-making on the sustainability issues, including contribution of wind electricity 
generation sector to sustainable development of the country.
The research results show that wind electricity generation sector contributes to the sustainable development of 
Latvian economy when economic, social and environmental dimensions of sustainable development are considered. 
Due to the immaturity of wind electricity generation sector, its impact on sustainable development is moderate. 
However, sector has a potential to solve economic growth issues in future as it is evident from the development of 
value added (at factor cost), investment and investment and investment-value added (at factor cost) ratio.
Seeking to enhance the contribution of wind electricity generation sector to sustainable development, adjustable 
wind electricity support policy actions are required, including (1) education of society to increase awareness of it, (2) 
linkage of support measures with achievement of costs and benefits of wind electricity sector development.
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